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SUJttARY 

A water-level recorder with a linear scale, a precision of 

- 0,002 inch, and a range of O.U inch is described. The posi- 

tion of a reciprocating fine wire probe is recorded once each 

second on a signified scale at the instant *h« probe touches 

the water surface* Electrosensitive paper is used. The device 

was developed as a tide recorder in a snail-scale hydraulic 

model of Puget Sound. 
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INTRODUCTION 

A portable recording tide gauge has been constructed for use in an 

hydraulic model of Puget Sound. The requiremente which have been met 

are a precision of - 0*002 inch in water level, and a range of 0.? inch, 

which correspond to - 0.2 foot and 20 feet respectively in the proto- 

type* The physical dimensions of the sensitive element are extremely 

small no as to provide a minimum disturbance to flow. This is desir- 

able since the horizontal scale of the model is 1:1*0000 and one inch 

represents 0.55 nautical miles in nature* 

Water-level recorders based on various principles have been de- 

scribed but most of them are not adaptable to measurement with the 

required precision. Because of the variable effect of surface tension, 

devices using floats are excluded. Probes varying in conductance with 

depth of immersion are excluded for the same reason and also because of 

the fact that water of varying salinity will be present in the scdal. 

Devices depending upon the capacitance between a condenser plate and the 

water surface are undesirable because of the short working distance re- 

quired for sufficient sensitivity, the non-linear change of capacitance 

with spacing and the fact that the effective position of the virtual 

condenser plate in the water is not precisely at the surface but some 

distance below, depending upon the conductance of the water. J. Valeubois 

(1) has reported a device that is suitable in principle but not precisely 

linear and of limited range. It depends upon automatically recording a 

measure of the fractional time that a rapidly oscillating wire probe, 
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breaking the surface, is immersed. 

Design and Construction 

In principle, the device consists of a lever with the pivot so 

placed that the motions of the two ends are approximately in the ratio 

of ltl2. The short end moves a fine platinum wire vertically so as to 

dip it into the water with a continual reciprocating motion. The 

instant of contact with the water is detected electrically and trans- 

formed into a pulse which makes a mark on electrosensitive paper being 

moved past a scriber on the long end. Thus the motions of the water 

surface are magnified twelve times and recorded. Electronically it 

is essentially a capacitor discharge controlled by a self-quenching 

thyratron circuit, quenching being accomplished by means of the nega- 

tive swing in plate voltage produced by inductance L. The relative 

values of components in this circuit are fairly critical. The design 

of the input circuit is based or. the fact that contaot of the probe 

with tap water produces practically instantaneously a conductance of 

about 2 mlcromhos, and is designed with time constant short enough so 

that the grid will always be below the firing potential before the 

plats is driven negative«. The circuit is designed to be triggered once 

each second and to record on Teledeltos* chart paper. The principle of 

the instrument is illustrated in Figure 1, 

The details of construction are shown in Figure 2. The device is 

constructed around a standard Esterline-Angus chart drive which is 

mounted on a frame of aluminum angle. The assembly of lever, pivot, 

^Western Union Telegraph Co. 
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and probe is mounted on the forward end of the frame which can be 

cantilevered approximately 12 inches outward from the shoreline of the 

model, if desired* This assembly can be adjusted laterally along a 

slotted bar where it i« held in position by a wing nut. This permits 

making gross adjustments of the position of the trace on the chart 

paper* Several traces may then be placel siae by side on une section 

of chart* The linkage between the driving motor and the lever is also 

adjustable in length to correspond* 

The horizontal movement of the lever is transformed into the verti- 

cal motion of the probe by means of radio dial cable extending from a 

grooved wheel on the lever pivot and over a pulley to the top of the 

probe rodi The probe rod is driven downward by a spring. A piece of 

No. 26 platinum wire is mounted at the end of the probe rod in an insula- 

ting bushing* 

A synchronous gearhead motor produces the reciprocating motion of 

the lever by means of a crank pin which is linked to the lever by a bar* 

The radius of motion of the crankpin is made adjustable to regulate the 

length of stroke* The probe is dipped once each second, which corre- 

sponds to one measurement every twenty minutes in nature* 

The motion of the long end of the lever is made rectilinear by ssans 

of a grooved metal block sliding on an insulated, square, metal bar and 

driven through a linkage free to rotate and slide* The sliding block 

carries the recording electrode which is a piece of No* 20 tungsten wire 

mounted vertically in & ?trip of spring phosphor bronze. The opposing 

electrode beneath the electrosensitive paper is a flat bar extending 

across the paper* 
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The entire assembly Is mounted on a base which consists of two 

pieces of plywood hinged together at the back* The separation of the 

two pieces nay be precisely adjusted by means of a screw-driven wedge, 

thus permitting minute adjustment of the height above the water and 

the position of the trace on the chart. One turn of the screw corre- 

sponds to one foot of tide and so provides a ready means of calibra- 

tion. 

Chart paper for the device is that used for the Navy Type NMC 

fathometer made by the Radio Corporation of America. This fits the 

Esterline-Angus chart drive, has uniform transverse divisions, and ao 

is very well suited to the purpose. A typical record is shown in 

Figure 3. Here a tide record has been made for three places In the 

model with the same input from the tide machine and on the same time 

scale* The manner in which the tidal wave is modified as it proceeds 

south is clearly demonstrated. 

The model of Puget Sound is built with a flat top about 1$ inches 

above the water line. The recorder can, therefore, be placed at any 

pclnt desired. Adjustment* for the desired placement of the trace on 

the chart are quickly made, the power to the trigger circuit is turned 

on and a few seconds later the motor is started and the recording 

begins. 

The equipment has been operated on a number of occasions, totaling 

over 75 hours, and has proved very satisfactory. A precision of - 0.002 

inch is attained. 

-6- 



•   — mmmemmBB 

& 

E 

- 7 - 



/ 

REFERENCES 

(1) Valenboia, J. 
1951* Methods Used at the Labcratoire Nationale D'Hydriiulique 

De Chatou for the Measurement and Recording of Gravity 
Waves in Models*, Proceed! roceedings of the NBS Seaicentennifil 

,y VzvBB  field at WBS on June 1B-7PT osium on Qravlti 
, National Bureau of Standards Circular 521 (Nov. 

;, 1952)* (Superintendent of Docunwnts, Washington, 
D. C, $1,75). 

-8- 



.• - m. •IMU     i 

Department of Oceanography 
University of Washington 

Techalcal Report Distribution List 

i » 

'! 

2    Geophysics Branch,  (Cod* Ul6) 
Office of Naval Research 
Washington 25, D.C. 

6    Director,  Naval Research Laboratory 
Attention:    Technical Information 

Officer 
Washington 25,  D.C. 

2   Offlcer-ln-Charge 
Office of Naval Research 
London Branch Office 
Ilavy #100, Fleet Post Office 
Sew York,  Hew York 

1    Office of Naval Research Branch 
Office 

j<*6 Broadway 
Kew York 1J,  Hew York 

1    Office of Naval Research Branch 
Office 

Tenth Floor, The John Crerar Library 
Building 

86 E»st Randolph Street 
Chicago,   Illinois 

1    Office of Naval Research Branch 
Office 

1030 East Green Street 
Pasadena 1, California 

1    Office of Naval Research Branch 
Office 

1000 Geary Street 
San Francisco, California 

1    Office of Technical Services 
Department of Commerce 
Washington 25, D.C. 

5    Armed Services Technical Information 
Center 

Documents Service Center 
Knott Building 
Dayton 2,  Ohio 

1   Assistant Secretary o* Defense for 
Research t> Development 

Attention:    Committee on Geophysics 
and Geography 

Pentagon Building 
Washington 25, D.C. 

1 Office of Naval Research Resident 
Representative 

University of "e-hlngtm: 
Seattle 5,  *».,:. ington 

2 AKsTSt»«A,Naval Attache for Research 
American EmNiXJJ(js*i£"'"°^ 
Savyjf^.00, Tleet  Post^Offlce, 

•ReV'York, New York *'*—«*« 

2    Chief,  Bureau of Ships 
Nary Department 
Washington 25, D.C. 
Attention:     (Code 8V?) 

1    Commander,  Naval Ordnance Laboratory 
White Oak 
Sliver Spring 19, Maryland 

1    Commanding General,   Research and 
Development Division 

Department of the Air Force 
Washington 25, D.C. 

1 Chief of Naval Research 
Navy Depart=;=t 
Washington 25, C.C. 
Attention:    (code too) 

8    U.B.   Navy Eydrogrephlc Office 
Washington 25, D.C. 
Att ntlon:    Division of Oceanography 

2 Director, U.S. Navy Electronics 
Laboratory 

San Dlitgo 52, California 
Attention: (Codes 55Q, 552) 

1 Chief, Bureau of Yards and Dock's ' 
Navy Department 
Washington 25, D.C. 

1 Commanding General, Research and 
D"TC1C*"~^"* Divides 

Department of the Army 
Washington 25, D.C. 

1 Commanding Officer, Cambridge Field 
Station 

230 Albany Street 
Cambridge 39, Massachusetts 
Attention: CRUST. 

1 National Research Council 
2101 Constitution Avenue 
Washington 25, D.C. 
Attention: Coarltte* on undersea 

Warfare 

1 Project Arova 
U.S. Naval Air Station 
Building R-lt8 
Norfolk, Virginia 

1 Department of Aerology 
U.S. Naval Post Graduate School 
Montecey, California 

1 Chief of Naval Operations 
Navy Department 
Washington 25, D.C. 
Attention: Op-533D 

at (OAO), U.S. Coast Guard 
Washington 25, D.C. 

1 Director, U.S. Coaat & Geodetic 
Survey . 

Department of Commerce 
Washington 25, D.C. 

1 Department of Engineering 
University of California 
Berkeley, California 

1 The Oce&nographlc Institute 
Florida State University 
Tallahassee, Florida 

1 U.S. Fish a Wildlife Service 
P.O. Box 383O 
Honolulu, T. H. 

1 U.8. Fish a Wildlife Service 
Woods Hole, Massachusetts 

2 Director, Woods Hole Oceanographlc 
Institution 

Woods Hole, Massachusetts 

1 Director, Chesapeake Bay Institute 
Box \26», BFD §2 
Annapolis, Maryland 

1 Director, Harragansett Marine 
Laboratory 

Kingston, R. I. 

1 Bead, Department of Oceanography 
University of Washington 
Seattle, Washington 

1 Blnghan Oceanographlc Foundation 
Tale University 
New Haven, Connecticut 

1 Department of Conservation 
Cornell University 
Ithaca, Rev Yo<-k 
Attention: Dr. J. Ayers 

1 Director,  Lament Geological 
Observatory 

Torrey Cliff 
Pallkadea,  Rev York 

2 Director, U.S. Fish a Wildlife 
Service 

Department of the Interior 
vsshinaUin 25, D.C. 
Attention:    Dr. L. A. Walford 

1   U.S. Army Beach Erosion Board 
5201 Little Falls Road R. W. 
Washington 16, D.C. 

1   Allen Hancock Foundation 
University of Southern California 
Los Angeles 7, California 

1   U.S. Fish 4 Wildlife Service 
Fort Crockett 
Galveston, Texas 

1 U.S.  Fish & Wildlife Service 
1»50 B Jordan Hall 
Stanford University 
Stanford, California 

2 Director,  Scrlpps Institution of 
Oceanography 

La Joiia, California 

1   Director, Haven Marine Laboratory 
University of Hawaii 
Honolulu,  T. H. 

1    Director, Marine Laboratory 
University of Miami 
Coraj. Gables, Florida 

.   Dtiixu-tment or oceanography 
Texas A a M College 
Ccllege Station, Texas 

1    He^i; Sep»rtiaent of Oceanography ' 
Br >vn Unlvere3>ri;r 

^Ppotidenee',"Rhode IsJja«.^ 

1    Department of Zoology 
Rutgers University 
Rev Brunswick,  Rev Jersey 
Attention:    Dr. H. K. Basklns 

1    Dr. Wlllard J.  Plerson 
Rev York University 
New York,  Rev York 

1 Llbnurlan 
California Fisheries Laboratory 
Terminal Island 8tatlan 
San Pedro, California  ' 

I 



Distribution List (Continued) 

Chief of Naval Research, Navy Department, Ifeshingt-on 2£, 
D. C, Attention»    Code Uh6 

Director, National Institute of Oceanography, Mornley, 
Near Qodalming, Surrey, England 

Director, Bermuda Biological Station for Research, 
St* George's, Bermuda 

Project Officer, Laboratory of Oceanography, Woods 
Hole, Massachusetts 

Institute of Oceanography, University of British Columbia, 
Vancouver, Canada 

Pacific Oceanographic Oroup, c/o Pacific Biological Station, 
Nanaimo, British Columbia, Canada 

Dr. P. filler, Norwegian Defense Research Institute; 
Akershus, Oslo, Norway 



MM 

Armed Services Technical Information iW} 
Because of our limited supply, you are requested to return this copy WHEN IT HAS SElfy ED 
TOUR PURPOSE so that it may be made available to other requesters.  Tour cooperaU^ 
will be appreciated. 

NOTICE:   WHEN GOVERNMENT OR OTHER DRAWINGS, SPECIFICATIONS OR OTHER DATA 
'ARE USED FOR ANT PURPOSE OTHER THAN IN CONNECTION WITH A DEFINITELY ELATED 
GOVERNMENT PROCUREMENT OPERATION, THE U. S. GOVERNMENT THEREBY iNC^po 
NO RESPONSD3ILrrr, NOR ANT OBLIGATION WHATSOEVER; AND THE FACT THAT TJJE 
GOVERNMENT MAT HAVE FORMULATED, FURNISHED, OR IN ANT WAT SUPPLIED T^R 
SAID DRAWINGS, SPECIFICATIONS, OR OTHER DATA IS NOT TO BE REGARDED BY 
IMPLICATION OR OTHERWISE AS IN ANT MANNER LICENSING THE HOLDER OR ANT OTHER 
PERSON OR CORPORATION, OR CONVETING ANT RIGHTS OR PERMISSION TO MANU>AC^^E 
USE OR SELL AN* PATENTED INVENTION THAT-MAT W ANT WAT BE RELATED THERETO   ' 

Reproduced    by 
DOCUMENT SERVICE CENTER 


	0002
	0003
	0004
	0005
	0006
	0007
	0008
	0009
	0010
	0011
	0012
	0013
	0014
	0015
	0016
	0017

